Background
==========

Esophageal cancer (EC) is the sixth leading cause of cancer-related death worldwide \[[@b1-medscimonit-21-3222]\] and it is also one of the most aggressive malignant tumors in the gastrointestinal tract, affecting more males than females. It is reported the incidence of EC has increased rapidly in recent years, especially in the United States and other developed countries \[[@b2-medscimonit-21-3222]\]. In China, the EC mortality rate is second only to gastric cancer \[[@b3-medscimonit-21-3222]\]. The commonly used treatment method for EC is surgery combined with chemotherapy or radiotherapy; however, as most patients with EC are diagnosed at an advanced stage, this method is not very effective, with a 5-year survival rate of 5--10% \[[@b4-medscimonit-21-3222]\]. To study the detailed molecular mechanism of EC and develop effective therapies, it is of great importance to explore and identify new biological markers.

MicroRNAs (miRNAs) consist of an abundant class of naturally occurring endogenous, small non-coding RNAs at a length of 18--25 nucleotides, which can repress protein translation by binding to the target mRNAs \[[@b5-medscimonit-21-3222]\]. Numerous studies have shown that miRNAs play important regulatory roles in many physiological processes, such as cell proliferation, differentiation, apoptosis, and cell death \[[@b5-medscimonit-21-3222],[@b6-medscimonit-21-3222]\]. In addition, miRNAs can target up to several hundred mRNAs, which makes them very powerful regulators, and aberrant miRNA expression can disturb a multitude of cell signaling pathways and profoundly influence cancer onset and progression. Changes in the expression of miRNAs have been observed in a variety of human tumors, including EC \[[@b7-medscimonit-21-3222]--[@b9-medscimonit-21-3222]\]. Although the expression differences do not necessarily represent causal events in carcinogenesis, these changes may regulate some genes that are very important during the process of tumor pathogenesis and may contribute to the classification and prognosis of tumors. For example, microRNA-21 is reported to be over-expressed in esophageal squamous cell carcinoma, it can target PDCD4 at the posttranscriptional level, and it regulates cell proliferation and invasion, which may serve as a novel therapeutic target in EC \[[@b10-medscimonit-21-3222]\]. The molecular mechanisms by which miRNAs contribute to the development of esophageal cancer have been reported by Tian et al., who found that *KLF4* mRNA is a direct target of miR-10b and that KLF4 can partly inhibit ESCC cell migration and invasion initiated by miR-10b. Although previous studies have proved that miRNAs contribute to the initiation, development, invasion, and metastasis of tumors, their underlying molecular mechanisms remain unclear. Therefore, it is urgent to identify and study sensitive and specific molecular markers to understand the potential pathogenesis and to improve early diagnosis of EC.

This study screened differentially expressed miRNAs (DEMs) in EC and analyzed the target genes of these DEMs by DAVID. Through performing survival analysis between the DEMs and patient survival time to identify miRNAs with prediction potentials, we hoped to explore the pathogenesis of EC and to determine molecular markers for early diagnosis and treatment of EC.

Material and Methods
====================

miRNA microarray data and patient information
---------------------------------------------

The miRNA expression data and the corresponding medical information of the patients were downloaded from the TCGA database, and there were a total of 200 samples (187 esophageal cancer samples and 13 normal samples) and the medical information was for 169 patients. These miRNA expression data were sequenced by Illumina HiSeq system and the standardized miRNA data were level 3 data in the TCGA database.

Firstly, these miRNA data were standardized, and then the data with expression values zero were removed. The miRNA data in level 3 were downloaded, which included a total of 1046 comments for the miRNA expression values. These miRNA data in level 3 had already been standardized within the sample and the standardization between samples was performed using generalized linear model in an R language Limma package to eliminate batch effects between samples.

Screening of differentially expressed miRNA
-------------------------------------------

SAMR \[[@b11-medscimonit-21-3222]\] package in R software was used to screen the differentially expressed miRNA between normal tissue samples and esophageal cancer tissue samples. The differential expression degree was shown by logFC and p, while Log2FC was used to indicate the differential expression degree of miRNA between differentially expressed tumor samples and normal samples. Down-regulated and up-regulated miRNAs were expressed as logFC \<−1 and logFC \>1, respectively, both with FDR \<0.05. Principal component analysis method was used to efficiently distinguish the differentially expressed miRNAs between esophageal cancer tissue samples and normal tissue samples.

Survival analysis
-----------------

All the medical information for patients was summarized and subjected to statistical analysis so as to obtain the cutoff value of medical information. Then Kaplan-Meier method was used to study the distribution of survival time in different disease states, while log-rank test was used to determine the differences of survival ability under various disease states. In addition, univariate Cox regression model was applied to study the relationship between differentially expressed miRNAs and survival time of patients. The original data were arranged sequentially by survival days, then displayed the survival state (status, death was 1, while survival was 2), cumulative survival, standard error of the survival rate, cumulative event, and number remaining of each sample. Finally, the survival rates of patients were obtained according to the results.

Screening and verification of the molecular markers for miRNAs
--------------------------------------------------------------

The data were classified into 2 cohorts (training group and test group), and the expression profiling of miRNAs in training group was analyzed with Cox regression model. Then the miRNAs associated with survival (p\<0.01) and 5 miRNAs significantly associated with survival (p\<0.005) were found obtained. A multivariate Cox regression model was constructed based on the 5 miRNAs to predict patient survival and the parameters of each miRNA had a Cox regression correlation coefficient; therefore, we could give a risk factor to each patient. According to this model, the patients with higher risk scores had weaker viability compared to those with lower risk scores. Then we calculated the median risk scores of all the patients, and considered this value as the boundary. It was defined as high risk when the risk score was above the boundary, while it was low risk below the boundary. Kaplan-Meier model was utilized to observe the survival time distribution of every variable and log-rank detection method was used to determine the significances among various classifications under the same variables.

Analysis of the target genes of miRNAs
--------------------------------------

Firstly, the target genes of the differentially expressed miRNAs in Mirtarbase \[[@b12-medscimonit-21-3222]\] database were extracted, then GO functional annotation and KEGG pathways of these target genes were analyzed by DAVID \[[@b13-medscimonit-21-3222]\]. A P value of function enrichment and a corrected P value after multiple testing (Benjamini correction) were calculated using DAVID software according to each GO value.

Results
=======

Expression differences of miRNAs among various samples
------------------------------------------------------

There were a total of 187 esophageal cancer samples and 13 normal samples in 200 samples, which included 1046 of miRNA expression values. The differences between normal and cancer samples were observed by principal component analysis and cluster analysis. As shown in [Figure 1](#f1-medscimonit-21-3222){ref-type="fig"}, the normal samples and tumor samples could be separated, indicating that the data could be analyzed in further study.

Differential expression analysis of miRNA
-----------------------------------------

We obtained 140 differentially expressed miRNAs between normal and EC samples after analysis by SAMR \[[@b11-medscimonit-21-3222]\] in R package, including 113 up-regulated and 27 down-regulated ([Figure 2](#f2-medscimonit-21-3222){ref-type="fig"}). The up-regulated miRNAs accounted for 77.1% of the total differentially expressed miRNAs, including hsa-mir-153-2, hsa-mir-92a-1, and hsa-mir-182, while the down-regulated miRNAs accounted for 22.9%, including hsa-mir-29a, hsa-mir-100, and hsa-mir-139 ([Table 1](#t1-medscimonit-21-3222){ref-type="table"}).

Survival analysis
-----------------

The censoring rate 61.54% was relatively high judged from the medical information of patients in [Table 2](#t2-medscimonit-21-3222){ref-type="table"}, indicating that there were still many patients alive at the end of the study or they may directly depart from the study. A survival curve was drawn according to patient survival time, as shown in [Figure 2](#f2-medscimonit-21-3222){ref-type="fig"}, which shows that although there was a high cutoff value, the medical information about esophageal cancer is sufficient and suitable to predict the biological targets of miRNAs in the following study.

The relationship between the survival time and various variables (age, sex, T stage, R stage, M stage, N stage, and tumor stage) was verified by Kaplan and log-rank methods ([Figure 3](#f3-medscimonit-21-3222){ref-type="fig"}). We found there were significant differences between different tumor statuses and the overall survival time. According to the results in [Figure 3](#f3-medscimonit-21-3222){ref-type="fig"}, univariate Cox regression model was applied to analyze the differences between miRNA and survival time of patients under each state. Correlation coefficients in results are demonstrated in the heat map in [Figure 4](#f4-medscimonit-21-3222){ref-type="fig"}. The molecular markers of miRNAs were selected when P\<0.1 and there were significant results in at least 2 separate categories.

Through univariate survival analysis, the miRNAs associated with patient overall survival in different tumor statuses were screened, as shown in [Figure 4](#f4-medscimonit-21-3222){ref-type="fig"}. Five miRNAs that may be considered as biomarkers were selected: including hsa-mir-103-1, hsa-mir-18a, hsa-mir-324, hsa-mir-369, and hsa-mir-320b-2.

Construction of predictive disease model
----------------------------------------

A mathematical model for miRNA and survival time was constructed by Cox multivariate regression model using data in the training group, and the prognosis formula was as follows: Prognostic score=(0.054 × expression level of hsa-mir-103-1) + (0.36 × expression level of hsa-mir-18a) + (0.14 × expression level of hsa-mir-324) + (0.37 × expression level of hsa-mir-369) + (−0.46 × expression level of hsa-mir-320b-2). Among which, 4 miRNAs belonged to risky type, 1 belonged to protective type.

The patients were divided into high-risk and low-risk groups, and the differences between the 2 groups were analyzed by the log rank test ([Figure 5](#f5-medscimonit-21-3222){ref-type="fig"}). Significant differences were displayed between high-risk and low-risk patients in training group and test group, demonstrating that this model was feasible in actual prediction. The prediction results of miRNA in patients are displayed in [Figure 6](#f6-medscimonit-21-3222){ref-type="fig"}, which shows the expression differences of miRNA between high-risk and low-risk patients. The results show that lower risk coefficient is associated with longer survival time.

Analysis of the target genes for 5 miRNAs
-----------------------------------------

Target genes of 5 miRNAs were predicted by TargetScan. A total of 2147 target genes were predicted. These target genes were then subjected to GO annotation and KEGG pathway analysis by DAVID ([Figure 7](#f7-medscimonit-21-3222){ref-type="fig"}). The results of GO annotation demonstrated the main functions of these target genes were associated with protein phosphorylation and transcriptional regulation, while the results of KEGG analysis showed they were mainly related to cell adhesion and P53 signaling pathway.

Discussion
==========

Early diagnosis of cancer, especially the non-invasive tumors, has gradually gained much attention. Through detection of nucleic acid or protein in blood, early diagnosis of susceptible populations has also turned into a focus in cancer screening studies. However, several conventional serum tumor markers, such as carcinoembryonic antigen (CEA) \[[@b14-medscimonit-21-3222]\], lacked enough sensitivity and specificity to facilitate early diagnosis of cancer, so the significance of non-invasive biomarkers as a detection method should be highlighted \[[@b15-medscimonit-21-3222]\]. At the same time, non-invasive methods also helps tumor typing, individualized treatment, and improving real-time tracking of tumor treatment. miRNA as a focus in anti-cancer research will gain growing attention.

In this study, we screened a total of 140 differentially expressed miRNAs between normal and EC samples. Using medical information of patients, we predicted the miRNAs that could be considered as molecular targets, and 5 miRNAs (hsa-mir-103-1, hsa-mir-18a, hsa-mir-324, hsa-mir-369, and hsa-mir-320b-2) were finally selected. Guo et al. \[[@b16-medscimonit-21-3222]\] for the first time reported that high expression of miR-103/107 showed a negative prognostic effect on the survival of EC patients. Moreover, it was found that low expression levels of miR-103/107 demonstrated a close correlation with a long overall and disease-free survival for EC patients. Therefore, miR-103/107 may serve as a useful diagnostic tool or a candidate drug target for EC management. mir-18a also had been reported in previous studies to be significantly over-expressed in several carcinomas, such as gastric cancer \[[@b17-medscimonit-21-3222]\], hepatocellular carcinoma, colorectal carcinomas, and pancreatic carcinoma \[[@b18-medscimonit-21-3222]\]. In addition, miR-18a may have the potential to function as a potential tumor suppressor by targeting K-Ras so as to regulate proliferation and anchorage-independent growth of human cancer cells \[[@b19-medscimonit-21-3222]\]. Ras is involved in the performance of critical steps in tumorigenesis, and dysregulation of Ras is frequently observed in human cancers. K-Ras is the most frequently mutated isoform of Ras in cancer and the percentage of human tumors harboring oncogenic Ras mutations is high; therefore, interrupting the Ras-signaling pathway may become a major focus of new drug development. Generally speaking, miR-18a could be considered as a potential target or therapeutic agent for cancer therapy. Disregulation of miR-324 was found to be associated with macrophage dysfunction and colon cancer \[[@b20-medscimonit-21-3222]\]. miR-369 and miR-320b-2 have also been studied in other cancers, but little research has been conducted on their roles in EC.

To further analyze the selected miRNAs and explore the possible mechanisms of the development of EC, we also predicted the target genes of these miRNAs, and 2147 target genes were obtained. Through GO annotation and KEGG analysis, we found these target genes were mainly enriched in cell adhesion and P53 signaling pathways. Focal adhesion kinase (FAK) plays a key regulatory role in survival, proliferation, migration, and invasion processes, which are all associated with the development and progression of cancer \[[@b21-medscimonit-21-3222]\]. Moreover, activation of FAK can cause a number of cell biological processes, like migration, invasion, proliferation, cell attachment, and survival. All these processes are important in cell, tissue and organ structuring, functioning, and remodeling \[[@b22-medscimonit-21-3222]\]. Given the important role of FAK during processes of tumor genesis and metastasis and the link to prominent oncogenes, FAK is a promising target in ongoing search for anti-cancer drugs \[[@b23-medscimonit-21-3222]\]. The p53 gene can encode tumor suppressor genes, and cell division and proliferation become uncontrolled if the p53 gene is damaged by carcinogenic factors \[[@b24-medscimonit-21-3222]\]. The p53 gene has important roles in various functional activities, including avoiding accumulation of damaged DNA, maintaining stability of the genome, and regulating cell differentiation and aging through induction of cell cycle arrest, promoting apoptosis, and DNA repair \[[@b25-medscimonit-21-3222]\]. An early study suggested that accumulation of p53 protein possibly caused by p53 gene mutation is a very early event in human esophageal carcinogenesis, which contributed to our understanding of molecular mechanisms of EC and development of an early biomarker for early diagnosis and treatment studies \[[@b26-medscimonit-21-3222]\]. In future studies, we will attempt to regulate these 5 miRNAs to adjust the normal functions of the p53 signaling pathway.

Conclusions
===========

We screened differentially expressed miRNAs between normal and EC samples in this study and selected 5 miRNAs with potential predictive ability in EC. In addition, the target genes of these 5 miRNAs were analyzed, which may provide new insights into cancer development, as well finding new potential biomarkers and therapeutic targets. Although further studies are still needed, the results of this study expand our understanding of the pathogenesis of EC.
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![Principal component analysis of the miRNA expression values. Principal component analysis was complicated according to the miRNA expression differences between normal and cancer samples. The horizontal axis shows that the first principal component accounted for 25%, while the vertical axis shows that the second principal component accounted for 11%. The red dots and black spots indicate cancer samples and normal samples, respectively. The figure clearly shows that normal samples gathered on the right, while cancer samples gathered on the left, indicating that there were significant differences between the 2 samples.](medscimonit-21-3222-g001){#f1-medscimonit-21-3222}

![Overall survival status changes of patients. The survival curves were drawn according to patient survival time. The vertical axis shows survival time and the horizontal axis shows survival rates, the red crosses on the curve are cut-off values. As seen from the figure, patient viability decreased gradually over time.](medscimonit-21-3222-g002){#f2-medscimonit-21-3222}

![Changes in patient survival status in different classifications. (**A--G**) Represent the relationships between age, gender, T stage, R stage, M stage, N stage, tumor stage, and survival time, respectively. P-value of log rank test is showed in the lower left corner of each figure.](medscimonit-21-3222-g003){#f3-medscimonit-21-3222}

![Predictive capabilities of miRNAs under different tumor statuses. The abscissa and the ordinate show different tumor statuses and different miRNAs, respectively. This heat map shows that the capacity of the 140 differentially expressed miRNAs of tumors affected the survival under various statuses. Red represents strong positive correlations between miRNA expression and survival time, while green represents strong negative correlations.](medscimonit-21-3222-g004){#f4-medscimonit-21-3222}

![Determination of patient survival risk by Kaplan-Meier analysis based on expression levels of 5 miRNAs. The abscissa shows the survival time, while the ordinate shows the survival rate. Red and blue represent high-risk and low-risk patients, respectively. P-value at the lower left corner indicates differences between the 2 risk groups.](medscimonit-21-3222-g005){#f5-medscimonit-21-3222}

![Analysis of the risk coefficients predicted by the 5 miRNAs. (**A**) Risk coefficients analysis of training set data; (**B**) Heat map for expression levels of 5 miRNAs in training set; (**C, D**) Relationship between patient survival time and risk coefficients; (**E, F**) Distribution of risk coefficients.](medscimonit-21-3222-g006){#f6-medscimonit-21-3222}

![GO and KEGG analysis of the target genes of differentially expressed miRNAs. (**A**) GO analysis of the target gene; (**B**) KEGG analysis of the target gene. The abscissa represents degree of significance, while the vertical axis represents functional annotation; the greater the degree of significance, the greater the correlation between the target gene and annotation.](medscimonit-21-3222-g007){#f7-medscimonit-21-3222}

###### 

Six significantly differentially expressed miRNAs.

  Type                   miRNA ID      logFC      P value    FDR
  ---------------------- ------------- ---------- ---------- ----------
  Up-regulated miRNA     hsa-mir-21    1.470062   18.29724   1.16E-16
  hsa-mir-93             1.937027      13.3289    1.70E-09   
  hsa-mir-106b           1.717675      9.561354   4.45E-08   
  Down-regulated miRNA   hsa-mir-490   −3.50374   2.269419   5.43E-14
  hsa-mir-204            −3.40881      3.141546   3.08E-14   
  hsa-mir-490            −3.50374      2.269419   5.43E-14   

###### 

Summary of the medical information for esophageal cancer patients.

  Covariates                       Category   Total
  -------------------------------- ---------- -------
  Age, years, no (%)               \<60       82
  ≥60                              87         
  Gender, no (%)                   Male       23
  Female                           146        
  Vital status                     Alive      104
  Dead                             65         
  Disease stage, no (%)            Stage I    20
  Stage II                         68         
  Stage III                        55         
  Stage IV                         6          
  Lymph node involvement, no (%)   N0         20
  N1                               63         
  N2                               12         
  N3                               7          
  NX                               2          
  M stage, no (%)                  M0         126
  M1                               2          
  M1a                              4          
  MX                               17         
  T stage, no (%)                  T0         1
  T1                               30         
  T2                               35         
  T3                               83         
  T4                               5          
  R stage, no (%)                  R0         126
  R1                               12         
  R2                               1          
  RX                               7          
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